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(54) SOLID POLYMER FUEL CELL 
(57) Abstract: 

PROBLEM TO BE SOLVED: To improve productivity of a plate-with-rib by 
installing a pressing holding surface part where an electrode of a cell is pressed 
at the specified surface pressure and a non-pressing holding surface part where 
no pressing force is applied or pressing force less than the specified surface 
pressure is applied in the rib of the piate-with-rib, and forming a water holding 
layer for absorbing and holding a humidifying agent on the surface excluding the 
pressing holding surface part. 

SOLUTION: A cell 20 is pressed and held between a flow path substrate 30 and 
a plate-with-rib 40 on a fuel electrode side, an oxidizing agent side channel 312 
is fomned in a space surrounded by an adjacent rib 311 and an oxidizing agent 



electrode 22, and a fuel electrode side channel 400 is formed in a space 
surrounded by an adjacent rib 401 and a fuel electrode 23. A pair of manifold 
hole 111 and long hole 121 for supplying humidifying water of a solid polymer 
membrane, and a pair of manifold hole 112 and long hole 122 for supplying fuel 
gas are installed in an upstream part in the fuel gas passing direction of a frame 
body 10. A water holding layer is installed on the surface coming in contact with 
the fuel electrode 23 and excluding the pressing surface for pressing the fuel 
electrode 23. 
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CLAIMS 
[Claim(s)] 

[Claim 1 ] Press pinching of the eel which arranged the electrode on both sides of 
an electrolyte membrane is carried out by predetermined planar pressure with 
the rib of the plate with a rib of a pair. It Is the polymer electrolyte fuel cell with 
which the humidification agent which humidifies the electrolyte membrane of a 
eel to the passage surrounded with the rib of one [ at least ] plate with a rib and 
the electrode of a eel circulates. The press pinching surface section in which the 
rib of the plate with a rib which forms the passage where said humidification 



agent circulates presses the electrode of a eel by said predetermined planar 
pressure, The polymer electrolyte fuel cell characterized by forming the water 
retention layer which has the non-pressing pinching surface section on which the 
thrust not resulting acts, and absorbs and holds said humidification agent on the 
front face except said press pinching surface section to said predetermined 
planar pressure or it does not carry out a press operation. 
[Claim 2] It is the polymer electrolyte fuel cell according to claim 1 which said 
water retention layer is formed in the rib side face of a plate with a rib at least, 
has the step in which the rib crowning of the plate with a rib concerned was 
dented partially, and is characterized by forming said water retention layers 
successively to the step concerned. 

[Claim 3] It is the polymer electrolyte fuel cell according to claim 2 which the 
plate with a rib of said pair is arranged so that a mutual rib longitudinal direction 
may cross, and is characterized by preparing said step in parts other than the 
intersection of the rib crowning of a plate with both ribs. 
[Claim 4] Said water retention layer is a polymer electrolyte fuel cell given in any 
1 term of claims 1-3 characterized by consisting of an ingredient containing 
expanded graphite. 
[Claim 5] The weight ratio of the phenol resin which said water retention layer 
consists of a charge of an admixture of expanded graphite and phenol resin, and 



is occupied in the cliarge of an admixture concerned is a polynner electrolyte fuel 
cell according to claim 4 characterized by being 10% or less 1% or more, 
[Claim 6] The plate with a rib with which a water retention layer is formed is a 
polymer electrolyte fuel cell given in any 1 term of claims 1-5 characterized by 
being resin mold goods. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] Especially this invention relates to the polymer electrolyte 
fuel cell with which a generation of electrical energy is performed about a 
polymer electrolyte fuel cell, supplying a humidification agent with either [ either/ 
both or ] fuel gas or an oxidizer. 

[0002] 

[Description of the Prior Art] It is the plate with a rib of a pair with which a 
polymer electrolyte fuel cell keeps spacing predetermined [ eel / with which a fuel 
electrode isi arranged on one field of a solid-state poly membrane, and it comes 
to allot an oxidizing agent pole to the field of another side ] in two or more ribs, 



and it comes to allot it in parallel. The eel unit pinched so that the rib concerned 
might counter is made into the basic structure, although put in practical use, the 
laminating of a majority of these eel units is carried out, press pinching of the 
layered product concerned is carried out by the pinching member from those 
direction both sides of a laminating, and many are constituted. 
[0003] And space formed between ****** ribs on the fuel electrode or the oxidizer 
pole is made into passage, hydrogen is supplied to the passage by the side of a 
fuel electrode as fuel gas at the time of operation, and the air (02) as an oxidizer 
is supplied to the passage by the side of an oxidizer pole. At this time, in a fuel 
electrode, hydrogen is divided into a hydrogen ion (H+) and an electron (e-), and 
an electron (e-) flows to an external circuit toward an oxidizer pole through the 
solid-state poly membrane whose hydrogen ion (H+) is an electrolyte. On the 
other hand, oxygen (02), the hydrogen ion (H+) to which it came from the fuel 
electrode, and the electron (e-) to which it came from the external circuit will 
react, water (H20) will be generated on an oxidizer pole, and electrical energy 
will be obtained. 

[0004] That a hydrogen ion passes a solid-state poly membrane, and goes to an 
oxidizer pole as described above It is because it has the property in which a 
solid-state poly membrane makes the hydrogen ion (H+ (XH20)) of a hydration 
condition penetrate alternatively (diffusion). This sake, The method which 



moisturizes a solid-state poly membrane by humidifying and supplying fuel gas 
from the former in order to make a solid-state poly membrane moisturize, Or by 
supplying [ both ] fuel gas and water to the passage by the side of a fuel 
electrode separately, and making it circulate, while performing efficiently the 
supply of fuel gas and the moisturization of a solid-state poly membrane to a fuel 
electrode, the method which can also perform cooling of a cell is adopted. 
[0005] Moreover, conventionally, the carbon porous body is used for the 
above-mentioned plate with a rib, because of the porous body, water absorption 
maintenance of the water is carried out on the front face, and improvement in the 
moistness of the whole solid-state poly membrane is achieved further. However, 
since the process to which a plate with a rib is made by paper making of the 
carbon fiber chip being carried out first, and it hardening by phenol resin when 
producing a plate with a rib by the above-mentioned carbon porous body, and 
making a sheet, carrying out the laminating of this, calcinating the layered 
product concerned, and obtaining the plate of a carbon porous body, next 
generally carrying out cutting of this plate is taken, there is a problem that 
mass-production nature is bad and becomes cost quantity. 
[0006] Then, a plate with a rib is fabricated using metal mold from the admixture 
of a graphite, carbon black, and resin, plate material with a rib is manufactured, 
and forming and creating a water retention layer with the ingredient which has 



the absorptivity of expanded grapliite etc. on the front face is examined. IVIold 
goods which described forming a water retention layer above are because the 
organization becomes precise, so the water repellence in the front face becomes 
high and water retention is generally lost. Moreover, since there is a possibility 
that a part of passage may be closed by the water which flows that, and the flow 
of fuel gas or an oxidizer may be checked when the width of face or depth of 
passage of fuel gas or an oxidizer is narrowed, and the front face presents water 
repellence, there is also the purpose of preventing this. 
[0007] Since a plate with a rib is created only by making a water retention layer 
by this form in the front face of the fabricated plate material with a rib, the 
mass-production nature will improve as compared with being manufactured 
through a cutting process. 

[0008] 

[Problem(s) to be Solved by the Invention] By the way, when creating a plate 
with a rib as mentioned above, from a viewpoint of moisturization of a solid-state 
poly membrane, it is thought desirable that a water retention layer is formed all 
over the. However, by prolonged use since a water retention layer is elasticity, 
when it forms in the whole surface, since the press which pinches a eel 
according to creep deformation falls and contact resistance increases, the cell 
engine performance will fall. 



[0009] This invention aims at offering tlie polymer electrolyte fuel cell to which 
the productivity of a plate with a rib is improved and the engine performance 
cannot fall easily due to prolonged use in view of the above-mentioned technical 
problem. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the polymer electrolyte fuel cell concerning this invention Press pinching of the 
eel which arranged the electrode on both sides of an electrolyte membrane is 
carried out by predetermined planar pressure with the rib of the plate with a rib of 
a pair. It is the polymer electrolyte fuel cell with which the humidification agent 
which humidifies the electrolyte membrane of a eel to the passage surrounded 
with the rib of one [ at least ] plate with a rib and the electrode of a eel circulates. 
The press pinching surface section in which the rib of the plate with a rib which 
forms the passage where said humidification agent circulates presses the 
electrode of a eel by said predetermined planar pressure, Or it does not carry out 
a press operation, it is characterized by forming the water retention layer which 
has the non-pressing pinching surface section on which the thrust not resulting 
acts, and absorbs and holds said humidification agent on the front face except 
said press pinching surface section to said predetermined planar pressure. 
[0011] Moreover, said water retention layer is formed in the rib side face of a 



plate with a rib at least, and it has the step in which the rib crowning of the plate 
with a rib concerned was dented partially, and is characterized by forming said 
water retention layers successively to the step concerned. Furthermore, the 
plate with a rib of said pair is arranged so that a mutual rib longitudinal direction 
may cross, and said step is characterized by being prepared in parts other than 
the intersection of the rib crowning of a plate with both ribs. 
[0012] Furthermore, said water retention layer is characterized by consisting of 
an ingredient containing expanded graphite again. Moreover, said water 
retention layer consists of a charge of an admixture of expanded graphite and 
phenol resin, and the weight ratio of the phenol resin occupied in the charge of 
an admixture concerned is characterized by being 10% or less 1% or more. 
[0013] Moreover, the plate with a rib with which a water retention layer is formed 
is characterized by being resin mold goods, especially the resin mold goods 
which consist of a resin mixing carbon ingredient. Moreover, as a humidification 
agent, the produced water generated on the oxidizer pole can also be used. 
[0014] 

[Embodiment of the Invention] Drawing 1 is the assembly drawing of the eel unit 
100 which constitutes the polymer electrolyte fuel cell 1 (only henceforth "a fuel 
cell 1") concerning the gestalt of this operation. The eel 20 which the eel unit 100 
arranges the oxidizer pole 22 and a fuel electrode 23 on the one side side 



( drawing 1 top-face side) of the rectangle-like frame 10 at the solid-state poly 
membrane 21, and becomes as shown in this Fig., The passage substrate 30 
which has the plate 310 with an oxidizing agent pole side rib with which two or 
more rib 311 - was formed in parallel is inserted in, and it inserts in, and the 
plate 40 with a fuel electrode side rib of a frame 10 with which two or more rib 
401 ~ was formed in the side ( drawing 1 inferior-surface-of-tongue side) in 
parallel on the other hand is crowded, and is constituted. Rib 401 ~ becomes the 
form which rib 311 ~ and the longitudinal direction cross at right angles, and 
crosses in the condition of being inserted in. In addition, in each drawing used for 
explanation of the gestalt of this operation, although eight the expedient tops, the 
ribs 31 1 , and ribs 401 of explanation are respectively drawn at a time, many ribs 
are usually formed more. Moreover, in drawing 1 , since a fuel electrode 23 is in 
the tooth-back side of the solid-state poly membrane 21, it is expressed as the 
broken line. 
[0015] It is held where press pinching of the eel 20 is carried out on the passage 
substrate 30 and the plate 40 with a fuel electrode side rib, and the oxidizing 
agent pole side channel 312 is formed in adjoining rib 311 ~ and the space 
surrounded on the oxidizing agent pole 22, and the fuel electrode side channel 
400 is formed in the space surrounded with the adjoining rib 401 and the fuel 
electrode 23. Air flows in the direction shown in oxidizing agent pole side 



channel 312 - with the bold arrow of drawing 1 , fuel gas flows in the direction 
shown by the void arrow head of drawing 1 , and a generation of electrical 
energy is made by fuel electrode side channel 400 ~ in a eel 20. 
[0016] The reformed gas which uses as a principal component the hydrogen 
which comes to reform hydrogen gas or natural gas, a propane, butane, a 
methanol, etc. as fuel gas can be used. A frame 10 receives a rectangle-like 
board. In the center section of the fuel gas circulation direction by the side of the 
one side ( drawing 1 top-face side) The notch 101 for inserting in an 
above-mentioned eel 20 and the above-mentioned passage substrate 30 is 
formed. On the other hand, to a side ( drawing 1 inferior-surface-of-tongue side) 
The crevice 103 in which the plate 40 with a fuel electrode side rib is inserted is 
formed. Further in the center section of the notch 101 It is the configuration in 
which the aperture 1 02 was established so that the plate 40 with a fuel electrode 
side rib and a fuel electrode 23 can contact, and it is produced by carrying out 
injection molding of the plastic material. 

[0017] Moreover, the manifold hole 112 and long hole 122 of a pair for supplying 
fuel gas to the manifold hole 1 1 1 and long hole 121 list of a pair for supplying the 
water (henceforth "humidification water") as a humidification agent of a 
solid-state poly membrane are established by the upper section to the fuel gas 
circulation direction of a frame 10. The gas distribution substrate 12 to a long 



hole 122 with the water distribution substrate [ broader than the long hole 121 
concerned ] 11 broader than the long hole 122 concerned is put on the long hole 
121 through packing (un-illustrating), respectively, and 11b- is established by 
both the substrates 1 1 and 12 over the longitudinal direction in two or more pore 
11a- and the location corresponding to said fuel electrode side channel 400 
Therefore, the humidification water introduced through the manifold hole 11 1 will 
be distributed to each fuel electrode side channel 400 - by pore 11a-, and the 
fuel gas introduced through the manifold hole 112 will be distributed to each fuel 
electrode side channel 400 - by pore 1 1 b-. 
[0018] On the other hand, the manifold hole 114 and long hole 124 of a pair for 
discharging humidification water in the manifold hole 113 and long hole 123 list 
of a pair for discharging unreacted fuel gas are established by the downstream 
to the fuel gas circulation direction of a frame 10, The well-known material 13 
with the function which discharges gas alternatively, for example, the gas 
transparency substrate which consists of water-repellent carbon paper, is put on 
the long hole 123 from fuel electrode side channel 400 and while it absorbs 
water you to be Sumiya and each channel retains the wastewater from fuel 
electrode side channel 400 - to homogeneity, in order to drain smoothly, the 
well-known material 14, for example, the water absorption base material which 
consists of felt of polyester, is put on the long hole 124. Therefore, the unreacted 



fuel gas which has circulated fuel electrode side channel 400 - results in the gas 
transparency substrate 13 through a long hole 123, and is sent out to the 
manifold hole 113, and the humidification water which has circulated fuel 
electrode side channel 400 - results in the water absorption base material 14 
through a long hole 124, and is sent out to the manifold hole 114. 
[0019] The plate 310 with a rib inserts in, it is constituted [ the frame 300 is 
crowded, ], and, as for the passage substrate 30, the channel 302 for the frame 
300 concerned to consist of plastic material in the configuration in which the 
aperture 303 was established in the monotonous rectangle-like center, and 
derive the channel 301 and air for introduce air into a channel 312 from a 
channel 312 to the field ( drawing 1 top face side) of the opposite side with the 
oxidizing agent pole 22 side is formed. 

[0020] In addition, a gasket 61 intervenes between a eel 20 and the passage 
substrate 30. and the gasket 62 intervenes between a eel 20 and a notch 101. 
The plate 40 with a fuel electrode side rib is carrying out the shape of a rectangle 
of smallness size a little than a frame 10, and two or more ribs 401 are formed in 
parallel. This plate 40 with a fuel electrode side rib consists of upper section 40b 
and downstream 40c which were installed from center-section 40a located in the 
center of the fuel gas circulation direction, and this center-section 40a, and the 
height of a rib 401 is highly set up rather than upper section 40b and 



downstream 40c in center-section 40a. And high partial 401a of this rib 401 
contacts the above-mentioned aperture 102 electrically with a fuel electrode 23 

********** 

[0021] The solid-state poly membrane 21 is a thin film which consists of 
perfluorocarbon sulfonic acid. The oxidizing agent pole 22 and a fuel electrode 
23 are the layers of the predetermined thickness made from platinum (Pt) 
support carbon, and adhesion molding is carried out with the hotpress in the 
center section of the solid-state poly membrane 21. The plate 40,310 with a rib 
processes and manufactures the charge of an admixture of thermosetting resin 
and carbon by compression forming. With the gestalt of this operation, it is 
comparatively cheaper than other resin ingredients as thermosetting resin, and 
phenol resin excellent in acid resistance is used. Moreover, in order that carbon 
may give conductivity to a plate with a rib, it uses, but a graphite and carbon 
black with comparatively high compressive strength are used for the class in 
order to give reinforcement to the plate with a rib concerned. A graphite and 
carbon black may be used independently, and these two kinds may be mixed 
and they may be used. 

[0022] the mixing ratio of the carbon in a plate with a rib, and resin ~ if it is easy 
to generate a chip and a blow hole and there is too much resin on the other hand, 
in case it is shaping, when a rate (weight ratio) has too little resin ~ electrical 



conductivity - falling - the cell engine performance -- falling - **** -- in 
consideration of things, they could be carbon:80wt%/phenol resin:20wt% with 
the gestalt of this operation, IVIoreover, as shown in drawing 2 (a), water 
retention layer 402a which absorbs and holds humidification water is formed in 
the rib side face of the rib 401 of the plate 40 with a rib which forms the channel 
400 to which humidification water circulates. In addition, this Fig. is a sectional 
view which cut the plate 40 with a rib with the mid gear of the rib 31 1 of the plate 
310 with a rib in the direction which intersects perpendicularly with the 
longitudinal direction of a rib 401 in the eel unit 100 of an assembly condition. 
[0023] As described above, since the plate 40,310 with a rib is manufactured by 
compression forming, its mass-production nature is high and contributes it to the 
cost cut of the whole fuel cell. However, in order to pay ingredients to a mold and 
to fabricate in compression forming by heating, compression, and size 
enlargement, the front face will be finished precisely. Moreover, although that 
front face comes to present water repellence the way things stand since the 
graphite and carbon black which are mixed with resin are also precise, since 
water retention layer 402a is formed, water retention and gas permeability will be 
secured about the plate 40 with a rib, 
[0024] In addition, in the above, although the plate 40,310 with a rib was 
manufactured by compression forming using thermosetting resin, you may 



manufacture by the injection-molding metliod mass-production nature is still 
higher, not only using this but using thermoplastics. Water retention layer 402a 
consists of phenol resin and expanded graphite, and as it is the following, it is 
formed in the front face of the plate 40 with a rib. 
[0025] First, surface roughening of the front face of the water retention 
stratification schedule of the plate 40 with a rib obtained by compression molding 
is carried out to suitable granularity with sandblasting. Next, a web material 
(henceforth an "expanded graphite sheet") with a thickness of 200 micrometers it 
is thin from phenol resin and expanded graphite is doubled with the configuration 
(area) of the water retention layer to form, and is cut in a suitable configuration. 
[0026] Arrange the expanded graphite sheet which was cut and became suitable 
magnitude on the water retention stratification schedule side of the plate 40 with 
a rib, it is made to fix by pressing the expanded graphite sheet concerned, 
applying heat, and a water retention layer is formed. Drawing 3 is a graph which 
shows the experimental result performed in order to ask for the optimal weight 
rate (wt%) of the phenol resin in the above-mentioned expanded graphite sheet. 
[0027] Drawing 3 (a) is the result of changing the content of phenol resin and 
measuring the conductivity of the water concerned after making the expanded 
graphite sheet of 2 immersed in 80 degrees C and 1 50 cc water an area of 30cm 
for 500 hours. In the graph concerned, it is shown that there are many 



conductive impurities whicli are beginning to melt into water from an expanded 
graphite sheet between the above-mentioned immersion, so that conductivity is 
high. Since the ion exchange capacity of a solid-state poly membrane will fall if 
many such impurities in water are contained, it is not desirable. 
[0028] Drawing 3 (b) is in the condition which pressed the expanded graphite 
sheet and fuel electrode after the 500-hour immersion used for the 
above-mentioned experiment by the pressure of 5 kgf/cm2, and shows the result 
of having measured the contact resistance between both. Of course, the contact 
resistance concerned from the cell engine performance is so desirable that it is 
small. From the result shown in drawing 3 (a) and (b), as for the weight rate of 
the phenol resin in an expanded graphite sheet, less than [ more than 
1wt%10wt% ] is desirable, and it is 5wt% still more preferably from drawing 3 (a), 
the gestalt of this operation ~ an expanded graphite sheet ~ the mixing ratio of 
expanded graphite and phenol resin ~ the rate adopted the thing (expanded 
graphite:95wt%/phenol resin:5wt%). Although expanded graphite is the 
laminating crystalline of the hex-steel-like structure of a carbon atom like a 
graphite, the interlayer spacing is very large, and since the most is occupied with 
expanded graphite as described above, the adopted expanded graphite sheet 
has absorptivity and is suitable as a material which fomns a water retention layer. 
[0029] As shown in drawing 4 . two or more sheet laminating of the eel unit 100 



constituted as mentioned above is carried out (this example 60 slieets), press 
pincliing of tfie both ends of the layered product concerned is earned out by the 
clamping plates 71 and 72 of a pair, and the fuel cell 1 is constituted. Bolting by 
the clamping plates 71 and 72 concerned is performed so that the planar 
pressure of the contact section between rib 401a of the plate 40 with a fuel 
electrode side rib and the eel 20 in the intersection of the rib 31 1 of the plate 310 
with an oxidizing agent pole side rib may become a predetermined value. 
Although the planar pressure concerned is so good that it is high in order to 
lessen contact resistance in said contact section, if too not much high, the 
distributivity of fuel gas will be checked in eel 20 part of said contact section, as a 
result a eel 20 will damage it. Then, the value of the planar pressure concerned 
is the range which a eel 20 does not damage, and is set as the highest possible 
value. Although the value of the planar pressure concerned changes for every 
model with magnitude (generation-of-electrieal-energy capacity) of a fuel cell 
etc., it is the thing of 2 generation-of-electrical-energy capacity 1500W and a 
reaction area of 100cm as shown in the gestalt of this operation, for example, 
and is 20 kgf/em2. 

[0030] Where a laminating is carried out as mentioned above, it is open for free 
passage over said whole layered product, and the manifold hole 
111,112,113,114 of each eel unit 100 forms the internal manifold. And at the 



time of operation, it installs so that the circulation way (oxidizing agent pole side 
channel 312) of air may be horizontally suitable, and air is sent into channel 301 
- by the fan who does not illustrate. The sent-in air supplies oxygen to an 
oxidizing agent pole, circulating oxidizing agent pole side channel 312 -, and is 
discharged out of a cell from a channel 302. 
[0031] On the other hand, humidification water is supplied to the internal 
manifold which consists of a manifold hole 1 1 1 with predetermined water 
pressure from a pump 3, and the hydrogen gas adjusted to the predetermined 
pressure through the regulator 5 from the hydrogen chemical cylinder 2 is 
supplied to it at the internal manifold which consists of a manifold hole 112. The 
humidification water and hydrogen gas which were supplied are distributed to 
each eel unit 100, and as shown in drawing 5 , they are supplied to fuel electrode 
side channel 400 - through the water distribution substrate 11 or the gas 
distribution substrate 12. In addition, drawing 5 (a) is the typical sectional view 
which cut the eel unit 100 of an assembly condition to the longitudinal direction of 
the rib 401 concerned so that the cross section of 401a parts of the rib 401 of the 
plate 40 with a fuel electrode side rib might appear, and drawing 5 (b) is the 
typical sectional view cut by the A-A line in this drawing (a). 
[0032] Humidification of the solid-state poly membrane 21 is presented with 
some supplied humidification water, as mentioned above, a long hole 124 and 



the water absorption base material 14 are passed, tlie remainder consists of a 
manifold hole 114, and internal manifold ** of it is carried out, and it is 
discharged out of a cell. Moreover, while hydrogen gas circulates fuel electrode 
side channel 400 as mentioned above, the unreacted hydrogen gas which 
remained without offering and presenting a generation of electrical energy 
passes a long hole 123 and the gas transparency substrate 13, and is 
discharged out of a cell through the internal manifold which consists of a 
manifold hole 113. In addition, from the internal manifold which consists of a 
manifold hole 113, it is mixed with hydrogen gas and some steam is discharged. 
[0033] The humidification water discharged by drawing 4 from return and a fuel 
cell 1 and the water which the steam contained during exhaust air condensed 
are recovered by the liberating tank 4, it is cooled with a condensator 7 and the 
collected water is again supplied to a fuel cell 1 from a pump 3. The pressure of 
the unreacted hydrogen discharged is adjusted so that the hydrogen utilization 
factor in a fuel cell 1 may serve as a predetermined value with a regulator 6. In 
addition, since hydrogen gas is discharged in the condition of having dissociated 
with the water of a liquid, without going via a liberating tank 4, it collects as it is 
and it can also reuse the discharged hydrogen gas. 
[0034] Supposing the water retention layer as shown in a return, for example, 
book, Fig. at drawing 2 (a) which is also the enlarged drawing of the B section in 



drawing 5 (b) is not prepared, in order that the front face of the plate 40 with a rib 
and a fuel electrode 23 may present water repellence, the humidification water 
supplied to the channel 400 flows out at a stretch, and moisturization of a 
solid-state poly membrane is seldom presented with it. On the other hand, since 
water retention layer 402a is prepared as shown in the plate 40 with a rib of the 
gestalt of this operation at drawing 2 (a), and humidification water will be 
absorbed by the water retention layer 402a concerned and will be ****ed there, 
the moistness of a solid-state poly membrane improves. 
[0035] Moreover, when the water retention layer is not prepared, if humidification 
water tends to become ball-like with the surface tension and the width efface or 
depth (depth) of a channel is narrowed therefore, water remaining will occur, it 
will plug up a channel and the case where the flow of fuel gas is checked will 
produce it. That is, although that the front face has water repellence will worsen 
wastewater nature of water on the contrary if a channel is narrowed, by 
preparing a water retention layer like the gestalt of this operation, the wettability 
of humidification water and a channel table side can become good, and can 
avoid such situations. 

[0036] By the way, since the moistness of a solid-state poly membrane becomes 
good by preparing a water retention layer as described above, from a viewpoint 
of the moistness concerned, it is apparently considered to be desirable to 



prepare a water retention layer all over the side which faces the fuel electrode 23 
of the plate 40 with a rib. However, when it prepares in the whole surface, the 
cell engine perfomnance will fall by prolonged use. Generally a material which 
will be used for a water retention layer if a water retention layer is prepared also 
in the field which contacts the whole surface 23 of the plate 40 with a rib, i.e., a 
fuel electrode, and presses the fuel electrode 23 concerned is because creep 
deformation arises gradually according to the bolting force by the 
above-mentioned clamping plates 71 and 72, the planar pressure in the contact 
surface of the plate 40 with a rib and a fuel electrode 23 falls like the expanded 
graphite of this example, since elasticity, consequently contact resistance 
increases. 

[0037] So, with the gestalt of this operation, we are the front face of the side 
which counters the fuel electrode 23 of the plate 40 with a rib, and decided to 
prepare a water retention layer in the front face except the press side which 
contacts the fuel electrode 23 concerned and presses a fuel electrode 23. 
Although water retention layer 402a was prepared in the side face of rib 401a, 
you may make it prepare also in passage base 400a further like the example (for 
it to consider as "an example 2" hereafter.) shown not only in this but in drawing 
2 (b) in the example (for it to consider as "an example 1" hereafter.) shown in 
drawing 2 (a) (402b). In addition, drawing 2 (b) is the sectional view which cut 



the eel unit 100 of an assembly condition in the same location as the case of 

drawing " 2 (a). 

[0038] Furthermore, the step partially dented in the crowning of rib 401a in the 
example 1 is prepared, and you may make it prepare water retention layer 402c 
also in the step concerned, as shown in drawing 6 (the example shown in 
drawing 6 is hereafter made into "an example 3".). In addition, drawing 6 is 
drawing on which upper section 40b and downstream 40c of the plate 40 with a 
rib shown in drawing 1 were omitted, and only center-section 40a was drawn, 
[0039] Thus, in the example 3, by making it form successively to the step in 
which water retention layer 402a prepared in the rib side face was prepared by 
the rib crowning, the humidification water absorbed by water retention layer 
402a of a rib side face will spread to a rib crowning, and the humidification 
nature of a solid-state poly membrane will improve further. Here, it is the 
meaning not only including the condition "the water retention layers of a rib side 
face are formed successively to the step", and that the water retention layer of a 
rib side face and the water retention layer of a step are connected in one but the 
condition that both the water retention layer is close and stands in a row even if 
both the water retention layer is prepared in another object. 
[0040] In addition, although all steps are formed in the example shown in 
drawing 6 so that it may be open for free passage from one side face of a rib to 



the side face of another side, it is not necessary to make it not necessarily open 
for free passage, IVIoreover, although the step is formed in the example shown in 
drawing 6 by fixed width of face (die length in alignment with a rib longitudinal 
direction) when making it open for free passage, it is not necessary to be 
necessarily fixed width efface. In this case, as for the minimum width efface Ta 
of a step, it is desirable that it is narrower than the width of face of the rib 
crowning of (contain also when width of face is fixed), and the plate 310 
( drawing 1 ) with a rib. where the eel unit 100 is assembled by carrying out like 
this, no matter the rib 311 and step of the plate 310 with a rib may be in what 
physical relationship, the thrust from a rib 311 will be supported in the rib 
crownings other than a step (of course, it comes out through a eel 20), and can 
protect the water retention layer prepared in the step concerned from the thrust 
concerned, 

[0041] Moreover, you may make it prepare a step in parts other than the 
intersection of the rib crowning of the plate 40,310 with both ribs, where the eel 
unit 100 is assembled. In this case, irrespective of extensive ** of the minimum 
width of face of a step, the thrust from a rib 31 1 will be supported in the rib 
crowning (intersection) in which the step is not surely formed, and can protect 
water retention layer 402c prepared in the step concerned from the thrust 
concerned. The example 3 shown in drawing 6 shows this example. 



[0042] Drawing 7 is in the condition tiiat the eel unit 100 was assembled, and is 
the sectional view which cut the eel unit 100 concerned at the flat surface 
perpendicular to the base of the plate 40 with a rib including the C-C line shown 
in drawing 6 . As shown in this Fig., since water retention layer 402c prepared in 
the step formed in the crowning of rib 401a will face the channel 312 of the other 
party's plate 310 with a rib, it does not receive the thrust of a rib 31 1 directly. 
Moreover, since the thrust from a rib 311 will be received in the rib crowning in 
which the step is not formed in, namely, the water retention layer is not prepared, 
even if it uses it for a long period of timei, it can prevent the increment in the 
contact resistance by the thrust concerned decreasing. 
[0043] In addition, in order to secure the energization area of the plate 40 with a 
rib, and a fuel electrode 23, the thickness of water retention layer 402c is the 
same as the depth of a step, or what is larger a little than it is desirable. By 
making it somewhat large slightly, the degree of adhesion in the contact section 
of the water retention layer 402c and a fuel electrode 23 concerned becomes 
high, and the contact resistance in the contact section concerned will be stopped 
low. Even in this case, since the thrust from the rib 31 1 of the plate 310 with a rib 
of the other party at the time of the assembly of a fuel cell 1 will be caught in the 
rib crowning in which the water retention layer of the plate 40 with a rib is not 
prepared chiefly, even if it uses it for a long period of time, it can prevent the 



increment in the contact resistance by the thrust concerned decreasing. 
[0044] Drawing 8 is a graph which shows the result of having conducted the 
experiment which measures aging of an average eel electrical potential 
difference using the thing and comparison cell which constituted the fuel cell 1 
using the plate with a rib concerning examples 1-3. A comparison cell is a fuel 
cell which does not have a water retention layer, and others are the same 
configurations as a fuel cell 1 except for there being no water retention layer. In 
addition, in this experiment, the mixed gas (H2/N2=36/64) of hydrogen and 
nitrogen was used as fuel gas. Moreover, the actuation conditions are as follows. 
[0045] Current density: 0.5 A/cm2 hydrogen utilization factor : 60% oxidizer 
utilization factor : 15% reaction area: From 100cm 2 Figs., compared with a fuel 
cell 1 (examples 1-3), cross a comparison cell to the whole elapsed time, and 
understand it that a eel electrical potential difference is low. Since the water 
retention layer is not prepared, this is considered because the wettability of a 
solid-state poly membrane is worse than a fuel cell 1 by the comparison cell. 
[0046] Moreover, by the comparison cell, it turns out that the eel electrical 
potential difference is falling rapidly by three places. In order that, as for this, the 
passage (channel) front face of the humidification water of a comparison cell 
may present water repellence, the circulating water tends to become the shape 
of so-called ball. Therefore, in the part which water remaining tended to generate 



and water remaining generated, it thinlcs for a eel electrical potential difference to 
fall temporarily until gaseous diffusion nature falls and the water remaining 
concerned is solved. On the other hand, since the water retention layer is 
prepared in the passage front face of the humidification water of a fuel cell 1 , as 
described above, it is thought that for water not to become ball-like and it is hard 
to generate water remaining. 

[0047] Furthermore, drawing 8 shows that an example 3 has a high eel electrical 
potential difference a little as compared with examples 1 and 2 among examples 
1-3. This is considered to be because for the part of the water retention layer 
prepared in the step of a rib crowning and the humidification nature of a 
solid-state poly membrane to be good. As mentioned above, although the 
polymer electrolyte fuel cell of this invention has been explained based on the 
gestalt of operation, this invention is natural, for example, even if it is as follows, 
it is good. [ of not being restricted to the gestalt of the above-mentioned 
implementation 1 
(1) Although the gestalt of the above-mentioned implementation showed the 
example of the internal humidification method which sends in the water as fuel 
gas and a humidification agent to the channel by the side of a fuel electrode, this 
invention is applied also in the external humidification method sent in after 
humidifying fuel gas with a humidifier. 



(2) Although the humidification agent was sent only into the channel by the side 
of a fuel electrode, you may make it send a humidification agent into the channel 
by the side of an oxidizing agent pole, and may make it send a humidification 
agent into both channels further with the gestalt of the above-mentioned 
implementation. 

[0048] Moreover, you may make it form a water retention layer also in the plate 
with a rib of the side which does not send in a humidification agent. That is, if the 
gestalt of the above-mentioned implementation is told to an example, you may 
make it form a water retention layer in a plate with an oxidizing agent pole side 
rib. By doing in this way, the generation water generated by the oxidizer pole 
side will also be held in this water retention layer, the wettability of a solid-state 
poly membrane increases and improvement in the cell engine performance is 
achieved further. In addition, the mode of the water retention layer formed in the 
plate with a rib of the side which does not send in a humidification agent is the 
same as that of the water retention layer of the plate with a rib of the side which 
sends in the humidification agent explained with the gestalt of the 
above-mentioned implementation. 

(3) Although the plate with which the rib was formed in one side was used with 
the gestalt of the above-mentioned implementation, it cannot be 
overemphasized that this invention can be applied also to the fuel cell using the 



plate with which the rib was formed in the both sides. That is, you may be a fuel 
cell using the plate with a rib which formed the plate with a rib by the side of a 
fuel electrode, and the plate with a rib by the side of an oxidizing agent pole in 
one. 

(4) Although the plate with a rib was formed with the mixture of carbon and resin, 
you may make it produce with extruding, die casting, etc. with the gestalt of the 
above-mentioned implementation using a metallic material. 
[0049] 

[Effect of the Invention] As explained above, since the polymer electrolyte fuel 
cell concerning this invention can use the plate with a rib concerned as resin 
mold goods with which the front face presents water repellence, its productivity 
of the plate with a rib concemed improves on the relation in which the water 
retention layer which absorbs and holds a humidiflcatlon agent to the rib of the 
plate with a rib with which a humidification agent circulates is formed. 
Furthermore, since the water retention layer which generally serves as elasticity 
since it is formed in the front face except the press pinching surface section 
which presses the electrode of a eel by predetermined planar pressure stops 
easily being able to carry out the compression set by said press, it is lost that 
said predetermined planar pressure falls of a water retention layer. 
Consequently, since the contact resistance of a plate with a rib and the electrode 



of a eel can be stabilized, the engine performance of the polynfier electrolyte fuel 
cell concerned stops being able to fall easily also due to prolonged use. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the assembly drawing of the eel unit which constitutes the 
polymer electrolyte fuel cell conceming the gestalt of operation. 
[Drawing 2] (a) is the sectional view of an example of the above-mentioned eel 
unit, (b) is the sectional view of an example of the above-mentioned eel unit. 
[Drawing 3] (a) is a graph which shows the experimental result for asking for the 
optimal weight rate of the phenol resin in the expanded graphite sheet used as a 
water retention layer, (b) is a graph which shows the experimental result for 
asking for the optimal weight rate of the phenol resin in the expanded graphite 
sheet used as a water retention layer. 

[Drawing 4] It is the perspective view showing the overall configuration and 
operation actuation of the above-mentioned polymer electrolyte fuel cell. 
[Drawing 5] It is the mimetic diagram showing operation actuation of the 
above-mentioned polymer electrolyte fuel cell. 



[Drawing 6] It is the perspective view of the center section of the plate with a fuel 
electrode side rib of the above-mentioned polymer electrolyte fuel cell. 
[Drawing 7] It is the sectional view of an example of the eel unit of the 
above-mentioned polymer electrolyte fuel cell, 

[Drawing 8] It is drawing showing the experimental result which investigated the 
change property of a eel electrical potential difference over the operation time of 
the above-mentioned polymer electrolyte fuel cell and a comparison cell. 



[Description of Notations] 

1 Polymer Electrolyte Fuel Cell 

20 Cel 

21 Solid-state Poly Membrane 

22 Oxidizer Pole 

23 Fuel Electrode 
40 Plate with Fuel Electrode Side Rib 
100 Gel Unit 
"101 Notch 

310 Plate with Oxidizing Agent Pole Side Rib 

311 Rib 

312 Oxidizing Agent Pole Side Channel 
400 Fuel Electrode Side Channel 



401a 

402a Water retention 

402c Water retention layer 
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